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Cryoglobulins are immune complexes that may induce systemic vasculitis, a small vessel vasculitis involving mainly the skin, the joints, the peripheral nerve system and the kidneys.
During the last twenty five years, major progresses have been done after the discovery of the hepatitis C virus (HCV), which represents the main cause of cryoglobulins (1) (2) (3) (4) .
Cryoglobulinemia spectrum and diagnostic tests
Cryoglobulins are defined by the presence of circulating immunoglobulins that precipitate as serum is cooled below core body temperature and resolubilize when rewarmed.
Cryoglobulinemia is confirmed by the detection of protein that precipitates in the patient's serum maintained at 4°C during at least 7 days, and which dissolved when heated at 37°C.
In most expert center, patients are considered to have a significant cryoglobulin level when > 0.05 g/L on two determinations (4) (5) (6) . The benefit of the detection of cryoglobulinemia is the excellent diagnostic performance for cryoglobulinemic vasculitis in the context of clinical symptoms evocative of vasculitis, such as purpura, peripheral neuropathy or glomerulonephritis. After detection, cryoglobulinemia is categorized by immunochemical analysis into three types (4) . Type I cryoglobulins are single monoclonal immunoglobulins always linked to a B-cell lymphoproliferative disorder (7) . Type II cryoglobulins consist of polyclonal IgG with monoclonal IgM with rheumatoid factor activity. Types III cryoglobulins are comprised of polyclonal IgG and polyclonal IgM with rheumatoid factor activity. Type II and III are often referred to as mixed cryoglobulinemia. Some laboratories characterize cryoglobulinemia using immunofixation or immunoelectrophoresis, and quantify the cryoglobulin level by determining the cryocrit as the percentage of the total volume (by using appropriate tube). The use of immunoblotting for immunochemical characterization is a sensitive and specific method allowing a full identification in 98%, in comparison with immunofixation and immunoelectrophoresis in which identification is possible in only 54 and 28%, respectively. Limitations of testing methods are that each of the immunochemical assays previously described may be influenced by artifacts arising from ex vivo cryoprecipitation after blood drawing. In consequence, when a cryoglobulin is suspected, serum should be kept warm, and tests should be carried out at 37°C.
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Other laboratory surrogate markers, easier to detect than cryoglobulins, may provide indirect evidence of the presence of cryoglobulinemia such as low C4 serum complement fraction, decreased total hemolytic complement levels and/or presence of a monoclonal immunoglobulin or rheumatoid factor activity. Serum cryoglobulin may also interfere with a variety of laboratory tests and have been associated with spurious quantitation of plasma proteins and erythrocyte sedimentation rate, pseudo-leucocytosis, pseudo-thrombocytosis or pseudo-macrocytosis.
Main features of cryoglobulinemic vasculitis
The disease expression is variable, ranging from mild clinical symptoms (fatigue, purpura, arthralgia) to fulminant life-threatening complications (glomerulonephritis, widespread vasculitis)(1-3,6)( Table 1) .
Fatigue is the main symptom, noted in 80-90% of patients. The main cutaneous sign is a palpable purpura which is reported in 70 to 90% of patients, but cutaneous ulcers may occur.
It always begins at the lower limbs and may extend to abdominal area, less frequently to the trunk and upper limbs. It persists 3 to 10 days with a residual brownish pigmentation.
Raynaud's syndrome and acrocyanosis, which may evolve to digital ulcerations, can occur.
Arthralgia is reported in 40-60% of patients. Joint pains are bilateral and symmetric, nondeforming and involved mainly knees and hands, more seldom elbows and ankles. Frank arthritis is reported in less than 10% of patients. Neurologic manifestations range from pure sensory axonopathy to mononeuritis multiplex (60-70%). The most frequently described form is a distal sensory or sensory-motor polyneuropathy. Polyneuropathy usually presents with painful, asymmetric paresthesia which later become symmetric. Motor deficit is inconstant and mainly affects the lower limbs, appearing a few months to a few years after sensory 
Prognosis of cryoglobulinemia vasculitis
Cryoglobulinemia vasculitis is associated with significant morbidity and mortality. Some studies before the HCV era underlined the bad prognosis factor of renal involvement (8).
More recent studies described the prognosis of patients with HCV-positive and HCV-negative mixed cryoglobulinemia vasculitis and identified prognostic factors of survival (9) (10) (11) . Survival according to the type of cryoglobulinemia and HCV status is represented in Figure 1 .
In HCV-positive patients with mixed cryoglobulinemia vasculitis, the 1-year, 3-year, 5-year, and 10-year survival rates were 96%, 86%, 75%, and 63%, respectively. Deaths were mainly related to serious infections and end-stage liver disease (11) Baseline factors associated with prognosis in patients with non-infectious mixed cryoglobulinemia vasculitis have been recently reported in a large study (13, 14) . One-year, 2-year, 5-year and 10-year overall survival rates were 91%, 89%, 79% and 65%, respectively. Deaths were related to serious infections in half of cases and to vasculitis flare in 20%. Pulmonary and gastrointestinal involvement, glomerular filtration rate < 60 ml/min and age >65 years were independently associated with death. A prognostic score including these 4 variables, the CryoVas Score (CVS), for the prediction of survival at 5 years was devised. One point score was assigned to each prognostic variable. At 5 years the death rates were 2.6%, 13.1%, 29.6% and 38.5% for a CVS of 0, 1, 2 and ≥3, respectively. At 1 year the death rates were 0%, 3.2%, 18.5% and 30.8% for a CVS of 0, 1, 2 and ≥3, respectively. The area under the curve for the CVS was higher compared with the FFS, indicating a better performance of the CVS (14) . Increased risk of lymphoma in the follow up of such patients should also be underlined (15) .
Data on the prognosis of type I cryoglobulinemia vasculitis has been recently reported on a series of 64 patients (7). The 1-year, 3-year, 5-year and 10-year survival rates were 97%, 94%, 94% and 87%, respectively. Type I cryoglobulinemia vasculitis related to hematologic malignancy tended to be associated with a poorer prognosis compared to monoclonal gammopathy of unknown significance. Severe infections accounted for half of the deaths.
Management
The production of cryoglobulins is most often the consequence of an underlying disorder that needs an etiological check-up. It depends, at least in part, according to the immunochemical determination (Figure 2) . Main causes are summarized in Table 2 .
In type I cryoglobulinemia vasculitis, it is mandatory to look for the presence of an underlying B-cell lymphoproliferative disorder, mainly Waldenström macroglobulinemia, multiple M A N U S C R I P T
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8 myeloma or monoclonal gammopathy of unknown significance. Type I cryoglobulinemic vasculitis are life-threatening because of the severity of cutaneous and visceral involvement and the underlying hematological disorder (7). Treatment of cryoglobulinemic vasculitis is that of the B-cell lymphoproliferative disorder. Specific treatment may also be indicated, including plasma exchange, corticosteroids, rituximab or ilomedine (7, 16) .
In type II and III cryoglobulinemia (mixed cryoglobulinemia), the main etiological agent is by far HCV infection (70-90%). HCV-induced mixed cryoglobulinemic vasculitis manifestations respond to clearance of HCV, i.e. sustained virologic response (SVR). During the decade 2002-2012, using a combination antiviral therapy with Pegylated interferon (PegIFN) plus ribavirin for twelve months permitted to achieve a SVR in 50-60% of patients (17, 18) .
Patients who relapsed for HCV infection after responding to antiviral therapy usually relapsed for the vasculitis with the return of viremia (19) . In case of persistent mixed cryoglobulin, relapse of vasculitis might also occur in a few patients despite achieving a SVR. In such patients, a different underlying condition should be considered, especially B-cell lymphoma (20) . Recent use of triple HCV therapy with PegIFN/ribavirin and a specifically-targeted antiviral agent (NS3/4A protease inhibitor, i.e. boceprevir or telaprevir) led to improved SVR rates (65-70%) in HCV genotype 1 infection (21, 22) . However, such combination should be given for 48 weeks and serious adverse events occurred in up to 47% of patients (21) showed that rituximab has a better efficacy than conventional treatment (i.e. corticosteroids, azathioprine, cyclophosphamide, or plasmapheresis) (25) . Similar results have been reported in a placebo controlled trial (26) . Two controlled clinical trials showed that rituximab plus PegIFN/ribavirin compared to PegIFN/ribavirin led to a shorter time to clinical remission, better renal response rate, and higher rates of cryoglobulin clearance (27, 28) . The use of rituximab was shown to be safe in HCV infected patients, in contrast with what was observed in hepatitis B virus infected patients.
To summarize, the management must be individualized according to the underlying disorder and the severity of disease. In HCV-mixed cryoglobulinemia vasculitis with mild to moderate disease, an optimal antiviral treatment should be given (Figure 3 ). For patients with severe vasculitis (i.e. worsening of renal function, mononeuritis multiplex, extensive skin disease, intestinal ischemia…) control of disease with rituximab, with or without plasmapheresis, is usually required before initiation of antiviral therapy. Room for other treatment strategies is very limited. Low-dose corticosteroids may help to control minor intermittent inflammatory signs such arthralgia but do not succeed in case of major organ involvement. Other immunosuppressant should be given only in case of refractory forms of HCV-mixed cryoglobulinemia vasculitis, frequently associated with underlying B-cell lymphoma (29) .
Follow up
During immunosuppressive and/or antiviral treatment (for HCV-related cryoglobulinemia vasculitis), signs and symptoms gradually improve, varying from weeks (i.e. purpura, glomerulonephritis, arthralgia) to months (peripheral neuropathy). With treatment, most patients can achieve a partial or complete remission. In HCV-related cryoglobulinemia vasculitis, the clinical and immunological response is closely related to the viral response.
During treatment, biological improvement can be assessed by the quantification of cryoglobulinemia and other surrogate markers (C4, CH50, rheumatoid factor). The time course of HCV viral load also represents a major predictive factor of long term outcome.
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Long-term outcome is dependent on the occurrence of complications. Patients with non-HCV-related cryoglobulinemia vasculitis have an increased risk of death, primarily due to sepsis, and a 4-fold increased risk of developing B-cell non-Hodgkin lymphoma (13) . In HCVrelated cryoglobulinemia vasculitis, the overall risk of B-cell non-Hodgkin lymphoma is about 35 times higher than in the general population (30) . These patients are also exposed to HCV chronic infection-induced liver disease, i.e. liver fibrosis, cirrhosis and hepatocellular carcinoma. • Livedo (%) 
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Clinical significance
• In HCV-negative patients with cryoglobulinemic vasculitis (CryoVas), pulmonary, gastrointestinal and renal involvement, and age>65 years are associated with death.
• In HCV-positive patients with CryoVas, antivirals are associated with a good prognosis whereas use of immunosuppressant is associated with a poor outcome.
• Increased risk of lymphoma exists in both forms.
• For HCV patients with severe vasculitis, rituximab, with or without plasmapheresis, is required before initiation of antiviral therapy.
